This work studies a range of different phytoplankton species -a diatom (Halamphora coffeaeformis), a coccolithphore (Emiliania huxleyi), three fresh water green algae (Chlorella singularis, Chlorella volutis and Stichococcus bacillaris), a marine algae (Nannochloropsis oceanica) and a dinoflagellate (Scrippsiella trochoidea). All species are visible under light microscope and are approximately 2-10 µm in diameter apart from S. trochoidea which is significantly larger (25 µm). Under a light microscope they do not look dissimilar but species such as diatoms can be easily differentiated from others due to their unique shape and structure.
Thorlab (FITC 475 ± 35nm); the dichromic mirror and emission filter were from Zeiss filter set 15 which transmit emission wavelengths above 590nm. The video acquisition was provided by a Hamamatsu ORCA-Flash 4.0 digital CMOS camera (Hamamatsu, Japan), providing 16-bit images with 4 megapixels of resolution. The intensity extractions were performed in Zen 2 pro.
Fluoro-electrochemical cell and set up
The fluoro-electrochemical thin-layer cell, shown schematically in SI Figure 1 , consists of three electrodes with two carbon fibre wires (diameter 7µm, Goodfellow Cambridge Ltd.) which act as working and counter electrodes, and a silver epoxy coated carbon fibre wire function as a pseudoreference electrode. The cell depth is roughly 50 µm. Potentiostatic control and synchronization with the camera was provided by a previously developed in-house built device 6 The video is displayed at 3 times faster than real-time.
Video 3 (3_S_trochoidea.mp4)
This video depicts the oxidative response of a dinoflagellate (S. trochoidea) and a diatom (H. coffeaeformis) towards a strongly oxidising potential of +2.3V. In this video both epi-fluorescent illumination and a low level of transmitted light has been used. The footage was also taken using a higher (x40) magnification oil immersion objective. Hence, in this video the electrode appears as a dark band across the top of the image. The larger size of the dinoflagellate and the use of the transmitted light allows the phytoplankton internal structure to be observed whilst simultaneously allowing the change in plankton fluorescence response to be monitored.
The video is displayed at 3 times faster than real-time.
Section 4: Effect of Oxidative Potential on

Phytoplankton Fluorescence
As discussed in the main text, the epi-fluorescent light source is turned on at 0 seconds and then after sixty seconds a strong oxidising potential is applied to the working electrode. The data in the main text focuses on the change in plankton fluorescence after the oxidising potential has been applied at 60 s. In the Figures shown the plankton fluorescence is normalised against its intensity as measured when the epi-fluorescent light is turned on at 0 s. Figure 2 a) Normalised fluorescence intensity of individual H.coffeaeformis (diatom, CCAP 1001/2) located at different distances from the electrode during the fluoro-chronoamperometry experiment. A potential of 0.0 V (vs pseudo Ag wire) was applied from t = 0 -60 s, before the potential steps to 2.3 V for t = 60 -90 s. The colour transient from purple to blue, green, orange and red illustrates the perpendicular distance of the corresponding diatom from the electrode ranging from 2µm to 330µm, see SI section 5 for the colour code to distance. The black dotted line is the fluorescence decay of H.coffeaeformis in the absence of applied potential. Inlay shows a plot of the time taken for a diatom's fluorescence intensity to drop abnormally due to the potential step, versus the measured perpendicular distance of the diatoms from the electrode, squared.
SI Figure 2 demonstrates that after the epi-fluorescent light is turned on there is an initial rapid decrease in the fluorescence intensity of the diatoms. Figure 2 of the main text is a subset of the data shown in SI Figure 2 , where in the main text the intensity is normalised against the value at 60s (i.e. when the potential is applied to the electrode). After 40 seconds of illumination the diatom fluorescence intensity decreases to approximately 35% of its original value. Note this initial decrease in the fluorescence intensity is not related to the occurrence of any reaction at the electrode surface but is due to the high light intensity used as part of the epi-fluorescent microscope setup. This decrease is well known 7 and is associated with the plankton protecting themselves from photochemically induced cellular damage. 8 The black dotted line overlaid in SI Figure 2 shows the measured fluorescence response of a H. coffeaeformis diatom where an oxidising potential has not been applied at 60 seconds. Here it is clear; although the fluorescence intensity decreases over the course of 90 seconds, the fluorescence intensity is relatively invariant after 40 seconds of light. SI Figure 3 shows three plots of the intensity time transient but with a less oxidative potential applied to the electrode; namely 2.0, 1.7 and 1.4V (vs saturated calomel electrode). The fluorescence intensity transients with an applied potential of 2.0V are comparable to those recorded at 2.3V; over the course of the experiments the fluorescence intensity of the diatoms within 300µm of the electrode were affected by applied potential. At a lower oxidative potential, however, the rate of fluorescence switch off decreases and the diatoms further away from the electrode are not significantly affected. For potential step of 1.4V, only the diatoms within ~60µm of the electrode are significantly affect by the electrochemically generated species. As mention in the main text, a potential of ~1.9V (vs SCE) is on the basis of the Nernst equation required for a favourable formation of millimolar concentration of hydroxyl radicals. Thus the observations at lower applied potentials are the result of insignificant electrochemical driving force for radical production. Moreover, the fluorescence of the phytoplankton were not affected by reductive potentials as negative as -2.0V. SI Figure 3 . The fluorescence intensity of diatom in the fluoro-electrochemical experiment. An applied potential of 0V was applied for 0-60s. At t = 60, the potential is step from 0V to an oxidative potential of : plot a) 2.0V, plot b) 1.7V and plot c) 1.4V. The legend of each plot shows the individual colour plotted for the diatom distance from the electrode.
Section 5: Data analysis
The fluorescence intensity time transients of the phytoplankton (as depicted in SI Fig.2 ) measured in the fluoro-electrochemical experiment were analysed using the second derivative of intensity (with respect to time) to obtain the "onset time" after which the phytoplankton fluorescence were affected upon applied of the electrode potential. The black dotted line in SI Fig.2 shows the natural fluorescence decay of the diatom upon the light on -this decay is known to be associated with the self-protection mechanism of the chlorophyll-a containing photosystem II to prevent photochemical induced cellular damage. For the first 60s, the fluorescence light is switched on and the fluorescence intensity approaches a near steady state. At t = 60s, or onset time of 0, the electrode potential steps to +2.3V. To obtain an estimate for time at which the electrode potential starts to influence the phytoplankton fluorescence intensity, the second order derivative of the intensity with respect to time are calculated and plotted in SI chlorine from oxidation of Clanion, and oxygen, [9] [10] [11] [12] hydrogen peroxide and hydroxyl radicals from hydrolysis of water. However, due to the lack of adsorption sites for the stabilisation of huxleyi shows a slight rise in intensity before the fluorescence falls after ~14 seconds. SI Figure 9 shows the fluorescence responses of a sample of E. huxleyi in presented in Video Two -all show a small rise in fluorescence intensity before rapidly switching off. This rapid decrease in intensity indicates that the plankton outer structure is not initially permeable to the formed radicals but the once that cell wall or membrane has been breached the cell rapidly loses its fluorescence signal.
Note if the different behaviour was due to slow mass-transport through the cells internal structure or due to low permeability of the radical species across the interface one would expect the intensity/time transients to be markedly different -in this case one would expect a slower and monotonic decrease in the phytoplankton fluorescence response. The results in SI Figure 9 indicate that the microalgal cell wall or membrane is chemically attacked by the formed radical species leading to a catastrophic and rapid loss of integrity. SI Figure 9 . Normalised fluorescence intensity of individual E.Huxleyi located at different distances from the electrode during the fluorochronoamperometry experiment (as shown in Video Two). At time of 60 seconds a potential of +2.3V (vs Ag pseudo wire) is applied to the electrode.
Section 8: Analytical Model for the Phytoplankton Fluorescence
Response
In this section we seek to provide a simplified model of the phytoplankton response towards the production of radicals at the electrochemical interface. Specifically, we wish to provide insight into the physical factors controlling the 'switching-off' of the plankton fluorescence as a function of time and distance to the electrode surface (as quantified in Figure 4a of the main text). Due to the necessary requirement of the reactive species diffusing away from the electrode surface before they can react with and induce damage to the phytoplankton, the resulting measured fluorescence response arises from a convolution of multiple physical and chemical factors. SI Figure 10 : Geometry of the actual cell and that used in the presented diffusional model. The electrochemical microscope cell contains a carbon fibre working electrode (radius 3.5 µm, length ~1 cm), in a thin-layer cell of 50 µm in height and with a width of far greater than 100 µm. Note in the present work only the fluorescence response of plankton within approximately 100µm of the wire electrode are monitored and analysed. In order to simplify the analysis the cell geometry is simplified to that of a one-dimensional problem.
Here, to provide a readily approachable model for this problem, it is assumed that the solution phase radical concentration must reach a threshold (C thres ) value, possibly required for the initial destruction of the cell wall, prior to inducing the oxidative destruction of the phytoplankton fluorescence response. Moreover, as depicted in SI Figure 1 the geometry of the cell can be simplified to become a one dimensional problem.
In one dimension and in accordance with the Cottrell equation the electrochemical flux (j /mol m -2 s -1 ) at the electrode interface can be described by:
(1)
where is the concentration at the electrode interface, D is the diffusion coefficient of the 0 electroactive species (m 2 s -1 ) and t is the experimental time (s). Given that in the experiment the solvent is the electro-active reagent and that only a small fraction of the interfacial water is oxidised then, during the course of the chronoamperogram, the electrochemical ( flux will be relatively ) constant as a function of time. At +2.3 V vs Ag the recorded total current at the electrode was found to be ~60 μA; an example experimental chronoamperogram is depicted in SI Figure 11 showing the steady-state nature of the current. In this section and as depicted in SI Figure 10 , this model assumes that this current is produced at an electrode of dimensions 0.01 x 50 x 10 -6 m 2 . Hence, this gives an average electrochemical flux of approximately 1 x 10 -3 mol m -2 s -1 .
SI Figure 11 . Current-time transient during a typical fluoro-electrochemical chronoamperometry experiment. At t -t pot, on = 0, the potential is stepped to +2.3V vs Ag. Where t pot, on is the time at which electrode potential is stepped to +2.3V.
In the timeframe of the experiment the biologically dominant chemical species are the oxidative radicals produced by the electrochemical reaction. It is likely that only a small fraction of the current will lead to the production of radical species, such that the flux of radicals (j rad ) will be less than the electrochemical flux (j elec ). This may be expressed in a simple manner through accounting for the Faradaic efficiency (E ff ) of the interfacial reaction (j rad = E ff j elec ). In the following we assume an arbitrary efficiency of 1%. Hence, the interfacial radical flux (j rad ) is taken as a constant and given a value of 1 x 10 -5 mol m -2 s -1 . Using SI equation 1 and on the above argument setting the interfacial radical flux as a constant, the concentration of radicals (C rad,x=0 ) at the interface can be approximately expressed as:
(2)
This equation defines that under these constant electrochemical flux conditions the surface concentration of the radicals will approximately increase with the square-root of time.
In one dimension the concentration profile ( away from the electrochemical interface is:
where erfc is the complementary error function. Consequently, substitution of SI Equation 2 into SI Equation 3, and setting equal to some threshold concentration value gives the following: SI Figure 12 presents a number of important features. First, the value of C thres partially controls the time at which the phytoplankton fluorescence responds to the electro-generated oxidative species;
for a given electrode radical flux higher values of C thres increases the time required -at a given distance from the electrode -for the fluorescence to be affected. Second, a non-zero intercept is predicted at high threshold values. Third, in the long time limit or for low threshold values the plot becomes quasi-linear. This quasi-linearity arises for small values of the input of the erfc -1 function.
Although erfc -1 tends to infinity at zero it does so very slowly, consequently for reasonable values of the input value to the erfc -1 function it has an approximate limit of ~2. Consequently, in this low C thres values (0.2 mM for example) reflects, in this limit, the variability of the erfc -1 function with time.
In this main text of this work the gradient of the plot of the fluorescence 'switch-off' time against the distance the phytoplankton is away from is used as a measure of the microalgal sensitivity towards oxidative radical damage. The gradient is reported as a susceptibility factor, as related to the inverse gradient of a plot of time vs distance squared. This analysis shows that this "effective" diffusion coefficient represents the mass-transport of the radical species multiplied by some unknown but species specific 'phytoplankton' sensitivity factor towards the generated radical. As demonstrated above this effective diffusion coefficient can be larger than the actual diffusion coefficient of the molecular (radical) species. The measured effective diffusion coefficient will also be sensitive to the magnitude of the experimentally used oxidative flux (j rad ). High values of the measured susceptibility factor indicate a relative high sensitivity or vulnerability of the plankton towards oxidative radical attack; conversely, lower values indicate increased plankton resilience. Given in this work the chemical conditions are the same throughout the work such that the radical diffusion coefficient and electrode flux are essentially constants then the measured susceptibility factor for the different phytoplankton can be used a direct comparator of the different species sensitivity towards oxidative radical attack.
